Abstract: The paper presents the accuracy results of aircraft positioning using the DGLONASS method in the GBAS
Introduction
In accordance with the ICAO technical standards, satellite GNSS navigation systems can be used for precise positioning of the aircraft. Currently, ICAO has identified the certification and admission into service in civil aviation of two global navigation systems -GPS and GLONASS [1] . The GPS satellite system is the property of the United States of America, whereas the navigation system GLONASS belongs to the Russian Federation. The GLONASS system can be used within the framework of the augmentation systems ABAS, SBAS and GBAS in air transport. In the framework of the ABAS system, it is possible to develop and implement the GLONASS system for the RAIM controller module of the GNSS satellite receiver. This is particularly important for continuity, reliability and accuracy of satellite positioning with the system GLONASS in civil aviation [2] . Within the SBAS augmentation component, it is possible to find a common navigation solution of the user position with the GLONASS system and geostationary GNSS systems [3] . Therefore, in the SBAS augmentation system, it is possible to integrate the observation of several GNSS navigation systems for determining the user position. Moreover, the GLONASS satellite system can be implemented in this type of a solution. At present, the GLONASS system can be used with the geostationary systems EGNOS, GAGAN, SDCM and WAAS in precision navigation positioning over a vast area of the earth. The GLONASS system is also implemented within the augmentation system GBAS for the differential techniques DGLONASS [4] and RTK-OTF [5] . In the differential technique DGLONASS, the code measurements from the reference station and the mobile receiver are used in order to determine the position of the user. On the other hand, in the differential technique RTK-OTF, the phase measurements from the reference station and the mobile receiver are used in order to determine the position of the user. The differential technique DGLONASS can be used both in static GNSS measurements [6] as well as in the kinematic mode [7] . It is particularly important to use the differential technique DGLONASS in the kinematic mode in air navigation. In Poland the differential technique DGLONASS was used to determine the position of the aircraft for the needs of precise air navigation. The research work [8] utilizes the differential DGLONASS technique to recover the flight trajectory of a TS 11 Spark in Real Time Kinematic (RTK) mode. The air experiment was conducted in the vicinity of the military airfield in Dęblin. In the course of the experiment, the geodetic receiver GG 24 was mounted on board TS 11 Iskra aircraft, which recorded raw GPS/GLONASS observations. In addition, on the roof of the Aeronautics Faculty at the Air Force Academy in Dęblin, the receiver GG 24 was also installed for the needs of using the differential DGLONASS technique in aircraft positioning.
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The difference of the horizontal coordinates of the aircraft TS 11 Iskra between the solutions DGLONASS and RTK-OTF mounted to ±100 m for the time scale shift of 1 second. Moreover, the difference of the ellipsoidal height of the TS 11 Iskra aircraft, between the solutions DGLONASS and RTK-OTF, amounted to ±70 m for the time scale shift of 1 second. An air experiment around the town of Powidz was similar in its character. The aim of the air experiment was to recover the real position of a Su22M4 aircraft during a flight test. For the needs of the experiment, the geodetic receiver GG 24 was mounted on board the Su22M4 aircraft, which recorded raw GPS/GLONASS observations. In the course of the experiment, however, problems connected with storing raw GLONASS data in the geodetic receiver GG 24 emerged. The consequence of this was the lack of the ability to apply the differential technique DGLONASS to recover the aircraft flight path Su22M4 [9] . The authors of this article presented, in their research work, the application of the measurement technique DGLONASS for the GBAS system in air transport. The primary objective of this article is to evaluate the accuracy of positioning a Cessna 172 aircraft by means of the differential technique DGLONASS. The paper shows the results of the standard deviations of geodetic coordinates BLh of Cessna 172 aircraft. Furthermore, the work determined the values of the levels of reliability of satellite positioning HPL and VPL. The obtained values of aircraft coordinates were compared with the differential technique DGPS in the post-processing mode. The research material for the analysis comes from an air experiment conducted in Dęblin in 2010.
Research method
The basic observation equation for code measurements in the differential technique DGLONASS is described as below [10] :
where:
 -the operator of the dual difference for phase measurements allows comparing the difference in phase measurements for two satellites tracked by two receivers,  -the operator of a single difference for phase measurements allows determining the difference in phase measurements for two satellites tracked by one receiver, AB -vector between the base station ( A ) and a mobile receiver ( B ) mounted on board the aircraft, 
M
-multipath effect and measurement noise at frequency L2 for code measurements. The mathematical model of equation (1) is solved using the Kalman filter in a twostage stochastic process [11] : 1) stage of prediction:
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where: 
R -covariance matrix of measurements H -matrix of partial derivatives, The standard deviation of the coordinate system in the geocentric system of coordinates XYZ for the DGLONASS technique is described by the following dependency:
where: The standard deviation of the aircraft position for the DGLONASS technique can also be expressed in the geodetic system BLh (geodetic latitude and longitude, ellipsoidal height), described as follows:
R -matrix of transition from the geocentric system of coordinates XYZ to the geodetic system BLh, Accuracy assessment of aircraft positioning by using the dglonass method in the... Ocena dokładności pozycjonowania statku powietrznego z użyciem metody... On the basis of the observation equation (1), the aircraft coordinates are determined in the geocentric system of coordinates XYZ for the differential technique DGLONASS. Due to similarity transformation, the aircraft coordinates in the geocentric system XYZ may be expressed in the geodetic system BLh [12] . In addition, the equations (7) and (8) allow specifying the positioning accuracy of the aircraft in the geocentric system XYZ and the geodetic system BLh.
Experiment research and test results
In the research test, the authors checked the possibility of implementation of the differential techniques DGLONASS in air transport. For this purpose, they recovered the flight path of the Cessna 172 on the basis of the solution DGLONASS. The computation uses the archive navigation data GLONASS derived from the scientific project: "System monitorowania ruchu statków powietrznych i pojazdów użytkowanych przez służby porządku publicznego z wykorzystaniem GNSS", conducted by the Aeronautics Faculty at the Air Force Academy from 2009-2011 [13] . One of the tasks of the research carried out in the project was to recover the coordinates of the aircraft Cessna 172 during a flight test for the military airfield in Dęblin, in June 2010 ( Fig. 1) .
Fig. 1 Trajectory of the flight of the Cessna 172
In the framework of executing the air test, it was possible to register aircraft navigation parameters for the measurement system SAMSET, the geodetic receiver Topcon HiperPro and the receiver Thales Mobile Mapper. The dual frequency geodetic receiver Topcon HiperPro enabled recordings of raw GPS/GLONASS observations in the kinematic mode with a 1 second interval. In addition, on the roof of the Aeronautics Faculty at the Air Force Academy in Dęblin, the receiver Topcon HiperPro for the reference station REF1 with the feature of tracking the constellation of GPS /GLONASS satellites was mounted. The configuration of the technical infrastructure reference station-mobile receiver gave the possibility to apply the differential techniques DGLONASS for precise positioning of the aircraft Cessna 172. The calculations of the Cessna 172 aircraft were made in RTKLIB programme, in RTKPOST library, in module "DGPS/DGNSS". In the calculations there were used:  the observation file RINEX topc152j.10o was stored on the memory card of the mobile receiver Topcon HiperPro mounted on the Cessna 172 aircraft;  the navigation file RINEX topc152j.10n was stored on the memory card of the mobile receiver Topcon HiperPro mounted on the Cessna 172 aircraft;  the observation file RINEX base152j.10n was stored on the memory card of the receiver Topcon HiperPro mounted on the reference station REF1 in Dęblin. For the sake of making the calculations, the "DGPS/DGNSS" application module in RTKPOST library in RTKLB programme was configured as below [14] :  GNSS system: GLONASS system,  GNSS observations: code observations P1/P2 in the G GLONASS system,  construction of observation equations: dual difference for code observations in the GLONASS system,  data source of ephemeris GLONASS satellites: GLONASS navigation data message,  source of GLONASS observation: RINEX 2.11 file,  method of determining coordinates of the GPS satellites: based on RG4 (the Runge-Kutta) method,  correction of pseudo-distance from the satellite to the receiver antenna: applied,  effect of the Earth's rotation: applied,  Sagnac effect: applied  correction of satellite clock: eliminated,  relativistic effects: eliminated,  IFCB hardware delay for satellites: eliminated,  IFCB hardware delay for the receiver: eliminated, Technical standards contained in ICAO 10 Annex "Radio Navigation Aids" to the Chicago Convention determine the range of exploitation of the GBAS system in air transport [1] . The GBAS system is permitted into operation provided it has clear values of technical parameters such as the accuracy or reliability of satellite positioning in aviation. Ultimately, in the GBAS system there are two measurement techniques used, i.e. DGNSS (e.g. DGPS or DGLONASS) and RTK-OTF for the GNSS navigation systems. The GBAS system is designed for the precision approach category I. The assumed horizontal accuracy of determining the position of the aircraft is 16 m in accordance with the technical ICAO standards.
The obtained results during the testing of accuracy of satellite positioning for conducting horizontal navigation LNAV are above 2 m. Besides, the assumed vertical accuracy of determining the position of the aircraft ranges between 4m -6m, maximum, in accordance with the ICAO technical standards. The obtained results during the testing of accuracy of satellite positioning for vertical navigation LNAV are above 4 m. Thus, it can be concluded that the proposed research method DGLONASS for the GBAS system meets the accuracy criteria for the exploitation of the GBAS system in air transport. It should be emphasized that the obtained results were determined in the computational post-processing mode and must be verified for real time. 
Discussion
The discussion centred around the comparative analysis of the determined coordinates of the Cessna 172 coordinates from the GLONASS solution and additionally from DGPS solution. The Cessna 172 aircraft position from the DGPS solution was also determined in the RTKLIB programme in RTKPOST library. In the first comparative analysis, the authors specified the parametre RMS-3D for the geocentric coordinates XYZ of the aircraft Cessna 172 (Fig. 4) . For this purpose, the authors determined the difference in the geocentric coordinates XYZ for the plane from DGPS and DGLONASS solutions and then the RMS-3D parametre was determined, as follows [17] : 
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The second comparative analysis defined the ellipsoidal height difference h of the Cessna 172 aircraft between the DGPS and DGLONASS solutions ( Figure 5 
Conclusions
The scientific article has made an analysis of a possibility of applying the differential DGLONASS technique for precise positioning of the aircraft in GBAS augmentation system, in air transport. The article recovered the coordinates of the aircraft Cessna 172 during a flight test in the vicinity of the military airfield in Dęblin. The recovery of the coordinates of the Cesna 172 aircraft was performed in RTKLIB programme, in RTKPOST library, in the computational module "DGPS/DGNSS". The article describes the differential technique DGLONASS as well as providing the results of the accuracy and reliability of positioning the aircraft Cessna 172. Therefore, the authors presented the parameters of the standard deviation for the geodetic coordinates BLh of the aircraft Cessna 172, describing the parameters of security levels HPL/VPL. The obtained results of the accuracy and reliability of aircraft positioning were compared with ICAO technical standards for the augmentation system GBAS. The article also compares the coordinates of the aircraft Cessna 172 for the solutions DGLONASS and DGPS. Thus, two comparative analyses of the geocentric coordinates geocentric XYZ and geodetic coordinates BLh for the airplane Cessna 172 were made. In the first comparative analysis, the authors determined the value of the parametre RMS-3D. The average value of the parameter RMS-3D equals 1.71 m, whereas of the median -1.61 m. In the second comparative analysis, the authors determined the difference in ellipsoidal height h of the aircraft Cessna 172 between the solution DGLONASS and DGPS. The average value of the parameter dh is 1.46 m and the error RMS is equal to 0.91 m. The research material, exploited in this article, comes from the air experiment conducted in Dęblin in the year 2010.
OCENA DOKŁADNOŚCI POZYCJONOWANIA STATKU POWIETRZNEGO Z UŻYCIEM METODY DGLONASS W SYSTEMIE GBAS

Wprowadzenie
Zgodnie ze standardami technicznymi ICAO satelitarne systemy nawigacyjne GNSS mogą być wykorzystywane w precyzyjnym pozycjonowaniu statku powietrznego. Obecnie ICAO określiła certyfikację i dopuszczenie do eksploatacji w lotnictwie cywilnym dwa globalne systemy nawigacyjne GPS i GLONASS [1] . System satelitarny GPS stanowi własność USA, zaś system nawigacyjny GLONASS jest własnością Federacji Rosyjskiej. System GLONASS może być stosowany w ramach systemów wspomagania ABAS, SBAS i GBAS w transporcie lotniczym. W ramach systemu ABAS możliwe jest opracowanie i implementacja systemu GLONASS do modułu kontrolera RAIM odbiornika satelitarnego GNSS. Szczególnie jest to istotne dla ciągłości, niezawodności, wiarygodności i dokładności pozycjonowania satelitarnego z użyciem systemu GLONASS w lotnictwie cywilnym [2] . W ramach komponentu wspomagania SBAS możliwe jest wspólne rozwiązanie nawigacyjne pozycji użytkownika z zastosowaniem systemu GLONASS oraz geostacjonarnych systemów GNSS [3] . Zatem w systemie wspomagania SBAS istnieje możliwość integracji obserwacji z kilku systemów nawigacyjnych GNSS w celu wyznaczania pozycji użytkownika. Również system satelitarny GLONASS może być implementowany w tego typu rozwiązania. Obecnie system GLONASS może być stosowany z systemami geostacjonarnymi EGNOS, GAGAN, SDCM oraz WAAS w precyzyjnym pozycjonowaniu nawigacyjnym na znacznym obszarze kuli ziemskiej. System GLONASS jest również implementowany w ramach systemu wspomagania GBAS dla techniki różnicowej DGLONASS [4] oraz RTK-OTF [5] . W technice różnicowej DGLONASS wykorzystuje się pomiary kodowe ze stacji referencyjnej i odbiornika ruchomego w celu wyznaczenia pozycji użytkownika. Natomiast w technice różnicowej RTK-OTF wykorzystuje się pomiary fazowe ze stacji referencyjnej i odbiornika ruchomego w celu wyznaczenia pozycji użytkownika. Technika różnicowa DGLONASS może być wykorzystywana zarówno w pomiarach statycznych GNSS [6] , jak i w trybie kinematycznym [7] . Szczególnie bardzo ważne jest zastosowanie techniki różnicowej DGLONASS w trybie kinematycznym w nawigacji lotniczej. W Polsce technika różnicowa DGLONASS była wykorzystywana do określenia pozycji statku powietrznego na potrzeby precyzyjnej nawigacji lotniczej. W pracy badawczej [8] wykorzystano technikę różnicową DGLONASS do odtworzenia trajektorii lotu samolotu TS 11 Iskra w trybie Real Time Kinematic (RTK). Eksperyment lotniczy został przeprowadzony. w okolicach lotniska wojskowego w Dęblinie. 
Metoda badawcza
Podstawowe równanie obserwacyjne dla pomiarów kodowych w techniki różnicowej DGLONASS jest opisane jak poniżej [10] :
 -operator podwójnej różnicy dla pomiarów fazowych, umożliwia porównanie różnicy pomiarów fazowych od dwóch satelitów śledzonych przez dwa odbiorniki,  -operator pojedynczej różnicy dla pomiarów fazowych, umożliwia wyznaczenie różnicy pomiarów fazowych od dwóch satelitów śledzonych przez jeden odbiornik, 
